Abstract We aimed to compare physical activity level and cardiorespiratory fitness in children with different chronic diseases, such as type 1 diabetes mellitus (T1DM), obesity (OB) and juvenile idiopathic arthritis (JIA), with healthy controls (HC). We performed a cross-sectional study including 209 children: OB: n=45, T1DM: n=48, JIA: n=31, and HC: n=85. Physical activity level was assessed by accelerometer and cardiorespiratory fitness by a treadmill test. ANOVA, linear regressions and Pearson correlations were used. Children with chronic diseases had reduced total daily physical activity counts (T1DM 497±54 cpm, p=0.003; JIA 518±28, p<0.001, OB 590±25, p=0.003) and cardiorespiratory fitness (JIA 39.3±1.7, p=0.001, OB 41.7±1.2, p=0.020) compared to HC (668±35 cpm; 45.3±0.9 ml kg −1 min −1 , respectively). Only 60.4% of HC, 51.6% of OB, 38.1% of JIA and 38.5% of T1DM children met the recommended daily 60 min of moderate-to-vigorous physical activity. Low cardiorespiratory fitness was associated with female gender and low daily PA. Conclusion: Children with chronic diseases had reduced physical activity and cardiorespiratory fitness. As the benefits of PA on health have been well demonstrated during growth, it should be encouraged in those children to prevent a reduction of cardiorespiratory fitness and the development of comorbidities.
Introduction
There is increasing evidence that regular physical activity (PA) during childhood reduces multiple health risk factors. At least 60 min per day of moderate-to-vigorous physical activity (MVPA) are generally recommended in school-age children to improve body composition, cardiovascular risk factors, cardiorespiratory fitness (CRF), bone mineral density and well-being [32] . Although several studies investigated PA and CRF in children with different chronic diseases, such as obesity, type 1 diabetes mellitus or juvenile idiopathic arthritis [7, 34, 36] , no study have evaluated if these children meet the current recommendation.
The prevalence of childhood overweight is increasing rapidly worldwide, reaching 30% of children in some industrialized countries [23] and resulting in increased risk of chronic diseases, such as cardiovascular diseases [31] . The benefits of PA in the prevention and treatment of cardiovascular diseases have indeed been well-demonstrated in adults [12] . However, overweight and obese children are known to be less active and have a lower CRF than healthy subjects [7, 35] . Nowdays, the treatment of childhood obesity usually includes exercise, dietary and behavioural interventions.
Type 1 diabetes mellitus (T1DM) affects one in 500 children and is associated with multiple health risk factors, such as hypertension or dyslipidemia [1, 17] . Exercise is highly recommended in T1DM patients for its benefits on various aspects including cardiovascular diseases risk factors [8] and CRF [14, 21] . However, T1DM patients often reduce their level of PA [36] .
Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease during childhood and is a leading cause of disability. The estimated annual incidence of JIA is between seven and 21 new cases per 100,000 children per year in European countries [24] . Children with this condition are often less physically active than their peers [13, 34] . However, several studies seem to show that there is no correlation between physical fitness and the severity of the disease [11, 27] , though some studies have shown an improvement of disease' signs and symptoms or CRF after exercise training [16, 30] . This led to the inclusion of physical conditioning in treatment protocols [16] . However, few clinicians prescribe exercise to their patients or few children perform activities due to fear of pain or worsening of the disease.
In order to improve exercise prescription in patients with chronic diseases, it is important to quantify their PA level and exercise tolerance. Therefore, the primary purpose of this study was to compare the PA level and cardiorespiratory fitness in children and adolescents with different chronic conditions, such as obesity, T1DM and JIA, with healthy subjects. We also aimed to determine whether their physical activity level met the current guidelines for health, and we search for factors associated with cardiorespiratory fitness.
Materials and methods
This was a cross-sectional study including 209 children and adolescents aged 4.8 to 17.9 years: 45 were obese, 48 had T1DM, 31 had JIA and 85 were healthy. Obese children were younger than the other (Table 1) . Patients were recruited from the Department of Child and Adolescent of the University Hospitals of Geneva and Lausanne.
Obesity was defined as age-and gender-specific BMI above the 97th percentile, based on the German references [19] . Forty-five of 55 eligible patients accepted to participate in the study.
All patients (47 patients) with T1DM (WHO criteria) were identified from the diabetes clinic registry and eligible subjects (27 patients) were recruited in the study (mean disease duration of 3.3±0.3 years).
Patients with JIA (criteria of the International League Association of Rheumatology), followed at the Multisite Centre for Paediatric Rheumatology, were invited to take part in this study (mean disease duration of 2.6 ± 0.5 years). They were included in the study if Exclusion criteria for all patients were (1) the presence of another chronic disease; (2) any medications (except insulin for T1DM or glucocorticoids/disease modifying anti-rheumatic drugs for JIA), which might influence cardiovascular function, body composition or metabolism taken in the preceding 6 months; (3) hospitalization in the preceding year; or (4) family history of dyslipidemia or systemic hypertension.
Healthy children were recruited from peers of the diseased subjects and in local schools. Subjects were asked to participate in the study if they met each of the following eligibility criteria: (1) good health and no recent (past 2 years) systemic illness or hospitalization lasting more than 3 weeks; (2) no known history of chronic disease; (3) no medications or hormones, which might influence cardiovascular function, body composition, lipid or glucose metabolism in the preceding 6 months.
Procedures
Participants visited the Children's Hospital and underwent identical testing. Observers were blinded to subject grouping, except for obese children.
Anthropometry
We assessed body weight to the nearest 0.1 kg using an electronic scale (Seca™, Germany), height to the nearest 0.1 cm using a Harpenden stadiometer and BMI was calculated as height/weight squared (kg m −2 ).
Cardiorespiratory fitness
Cardiorespiratory fitness was assessed as peak oxygen consumption (VO 2 peak) measured by direct gas analysis (Vmax Spectra™, Vyasis Healthcare GE, USA) during a treadmill test (Marquette 2000™ GE, USA). We used a valid protocol [4] . Subject walked or ran on the treadmill at a constant speed which varied by age and physical capacity (6.0-9.6 km h −1 ). The speed was chosen according to the spontaneous running speed of the child and the heart rate at the beginning of the test, which had to be below 140 beats/min. The grade of the treadmill increased by 2.5% every 2 min until the subject was exhausted.
Maximal cardiac rhythm, respiratory quotient and VO 2 peak were recorded at the end of the test. Tests were considered valid if the child showed clinical signs of exhaustion and one or more of the following criteria were reached: (1) heart rate above 195 beats/min and (2) respiratory quotient above 1.0.
Physical activity
Objective measures of PA level were obtained using a uniaxial accelerometer (Actigraph™ MT 6471, MTI, Florida, USA). The monitor was attached above the iliac crest of the right hip and was worn all day long for 7 days, except during bathing or swimming. The Excel™ software was used for data reduction and further analysis. Only periods between 8 a.m. and 9 p.m. were analyzed. For this study, "zero activity" periods of 20 min or longer were interpreted as being due to unworn accelerometers and were removed from the total activity count. Data was expressed as mean activity counts per registered time (cpm). We used cut-offs of different intensity levels, where sedentary behaviour was defined as less than 500 cpm and moderate-to-vigorous physical activity (MVPA) as more than 2,000 cpm [9] . Children who did not manage to record more than 600 min d −1 of activity for at least 4 days, including at least 2 week days and 1 weekend day (mean of 6.3± 1.1 days), were excluded from further analysis. In our groups, 13 of 48 T1DM, 22 of 31 JIA, 31 of 45 obese and 54 of 85 healthy children fulfilled the above criteria. The majority of excluded data came from defective monitors; a small proportion (six out of 89) was monitors worn less than 4 days. There was no difference in term of age, weight, height, BMI and body composition between children who wore and do not wore the monitor. We used the US Department of Health and Human Services guideline for the recommendation of 60 min of MVPA per day [29] .
Statistical analysis
Statistical analyses were performed using the SPSS software 15.0 (Chicago, IL, USA). All data screened for normality using Kolmogonov-Smirnov test, and we successfully transformed disease duration (log) and past year physical activity (log). Data are presented as mean and standard deviation. 
Results
Physical characteristics of subjects are presented in Table 1 . The proportion of female and male was similar among groups.
Physical activity
We compared the PA level among groups with chronic condition and healthy subjects (Fig. 1) . The total amount of The time spent in sedentary PA (T1DM 77%; JIA 73.8%; obese 70.9%; healthy 69.7%, p < 0.01) was different between every group when adjusted for age. Significant differences in time spent in MVPA were found only between healthy children (9.1% of time spent in MVPA) and JIA (6.9%, p= 0.036). However, obese (7.7% of time spent in MVPA) and T1DM (6.9%) children tend to spent less time in MVPA than healthy subjects (p= 0.070 and p =0.079, respectively). Figure 2 When groups with chronic diseases were combined, their total amount of PA was 18.1% [95% CI: 43. 1-197.4 ] lower compared to the healthy group (p=0.004).
Cardiorespiratory fitness
Cardiorespiratory fitness adjusted for age was higher in healthy children compared to JIA and OB (p< 0.05) (Fig. 3) were combined, they had 9% [95% CI: 1.60-6.45] lower CRF than healthy controls (p=0.001).
Cardiorespiratory fitness was inversely correlated with disease activity and articular limitation in JIA patients (p= 0.006 and p=0.013, respectively), but was not related to disease duration either in JIA (p=0.346) or in T1DM (p= 0.482) patients. We observed that male gender and high daily MVPA were associated with high VO 2 peak (Table 2) . But there was no correlation between sedentary time and VO 2 peak in children with chronic diseases. We found only an inverse relationship between VO 2 peak and sedentary-tolight PA when including all children (p=0.024). When all children are taken together, those meeting the recommended 60 min per day of MVPA, had higher VO 2 peak (44.9± 8.7 vs. 40.8±9.3 ml/kg/min; p=0.015). However, when we looked separately at the different groups, there are no differences (p>0.05 for all groups).
Discussion
Physical activity (PA) is a main determinant of health in children and this is of particular importance in young patients with chronic diseases to prevent the development of co-morbidities such as cardiovascular diseases [32] . In our study, we show that children with different chronic conditions (obesity, T1DM and JIA) have reduced total daily PA and lower cardiorespiratory fitness (CRF) compared to healthy subjects. The majority of our patients with chronic diseases do not meet the recommended 60 min of MVPA per day, with only 38% of JIA and T1DM reaching this amount compared to 60% of healthy children. Children with T1DM and JIA should increase their MVPA by only 6 min per day to achieve the recommendations.
Our findings emphasize the need to encourage PA and reduce sedentary behaviours in children with chronic diseases. However, the optimal dose of PA for health remains to be determined in these patients. They may need more than this amount of time to show positive effects on health; however, no study has looked at this issue. We may assume that PA could prevent the development of cardiovascular complications especially in obese and T1DM subjects [8, 12, 28] and may improve bone mineralization in T1DM and JIA children [10, 26] .
In patients with T1DM, our findings confirm, through an objective measurement instead of questionnaire, the observations made in the past [36] . Decreased PA level may be explained by the fear of hypoglycaemic events, the need of frequent capillary glucose measures or difficulties in adjusting insulin doses and carbohydrate intake [3] . We did not find lower CRF in diabetic children; however, some studies did in T1DM adolescents [2, 18] . There was no correlation between PA level and CRF in this population; however, we must recognize that the proportion of valid PA data set was small in this group. Further investigations should be performed in a larger cohort. This problem raises concerns about the feasibility of working with these accelerometers in a clinical setting.
Children with JIA are known to be less active [13, 34] due to pain, fatigue and articular stiffness, producing a vicious cycle of inactivity and deconditioning with reduced CRF [6, 22, 33, 37] . In our study, we confirmed reduced PA level and CRF, with PA being even lower than in obese patients. Cardiorespiratory fitness was particularly reduced in JIA children with active disease and articular limitations, in accordance to previous publications [22, 34] , whereas PA level was not related to articular limitations. We may explain this low CRF by a probable physical limitation as they had relatively low respiratory quotient, suggesting a difficulty to complete maximal exercise testing. As juvenile idiopathic arthritis is characterized by acute and remission phases and the timing of testing may explain discrepancies among studies [11, 27] .
Childhood obesity is not always seen by paediatricians as a chronic disease, despite statement of the World Health Organisation. Our results confirm that obese children are less active and have lower CRF compared to non-obese subjects [7, 35] . Sedentary behaviours observed in obese children may be due to exercise intolerance, social exclusion, low self-esteem or obesity associated orthopaedic conditions. However, the inverse may also be true, as sedentary behaviour could lead to weight gain and obesity development [25] . Low exercise capacity may be caused by an early exertional dyspnea, as they are known to have a higher energy expenditure during PA compared to normal weight children [20] . We found associations between PA level and CRF only when including all children, these findings being not significant in chronic diseases or healthy groups separately. Indeed, this relationship remains unclear in healthy children [7, 15, 32] because the levels of PA are not sufficient to expect an increase in VO 2 peak. However, it has been shown that subjects with JIA and low CRF are more prone to improve their fitness with regular exercise [5] .
In conclusion, the impact of childhood chronic diseases on physical activity level and cardiorespiratory fitness should not be underestimated. As physical activity may prevent the development of co-morbidities, paediatricians and primary care providers should encourage children with chronic diseases to be physically active at least 60 min per day. However, activities should be adapted to the child's capacity and fear. Current guidelines for T1DM patients indicate that all types of activities can be encouraged, except scuba diving and rock climbing. In JIA children, contact sports and high impact activities should be avoided, especially during acute phases. Finally, obese children should be encouraged to practice various types of moderate intensity activities including strength training. Further research is however needed to determine which volume and intensity of exercise is beneficial to reduce health risk factors in different chronic conditions.
